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OPTICAL SWITCH WITH LIQUID-AIR 
LIQUID SWITCH ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical switch, and 
particularly to an optical sWitch employing a pieZoelectric 
element to perform optical switching function. 

2. Description of Related Art 
With the increasing development of optical 

telecommunications, the development of optical sWitches 
has become vital for better performance. A typical optical 
sWitch has one or more light input port(s) and at least tWo 
light output ports. Using these ports, the sWitch performs 
sWitching or logical operations on optical signals in a light 
transmitting link/system or in an integrated optical circuit. 
Measures for assessing the capability of an optical sWitch 
include loW insertion bss (IL, <1 db), good isolation per 
formance (>50 db), and fast sWitching speed (normally, tens 
of milliseconds). 

Optical sWitches are commonly catergoriZed into 
mechanical type and non-mechanical type. In principle, a 
mechanical type optical sWitch has a number of advantages 
over a non-mechanical type optical sWitch When sWitching 
speed is not a critical factor for performance consideration. 
The mechanical type optical sWitches offer loW insertion 
losses, high degree of immunity against backscattering of 
light from the sWitch back doWn the input ?ber, loW cross 
talk, and insensitivity to Wavelength of light. 
Some conventional mechanical sWitches operate by mov 

ing an input ?ber relative to a plurality of output ?bers. 
Examples of such designs are disclosed in US. Pat. Nos. 
4,303,302, 4,896,935 and 5,175,776. HoWever, these optical 
sWitches share a common problem. They require high pre 
cision parts to obtain precise positioning control and loW 
insertion loss. This results in high cost and complicated 
manufacturing process. Moreover, moving ?bers repeatedly 
to and fro is apt to damage or even break the ?bers. 

Other kinds of conventional mechanical optical sWitches 
perform their optical sWitching functions by moving optical 
elements of the sWitches, such as ferrules With attached 
input/output ?bers, re?ectors, and lenses. US. Pat. No. 
4,261,638 discloses an optical sWitch as shoWn in FIG. 5 of 
the attached draWings, comprising a rotatable re?ector 3. 
The sWitching function is performed by rotating the re?ector 
3. The re?ector 3 can be rotated around different axes, such 
as axis 2—2‘, to sWitch the transmission of light coming from 
an input ?ber 1 betWeen selected output ?bers 6. The 
sWitching speed of this optical sWitch is determined by the 
rotating speed of the re?ector 3 and corresponding control 
ling mechanisms of the re?ector 3. Since the optical sWitch 
is operated by rotating the re?ector 3 around different 
rotating axes, the design and manufacturing of the optical 
sWitch are complicated. resulting in high cost. 

BRIEF SUMMARY OF THE INVENTION 

A main object of the present invention is to provide an 
optical sWitch With high sWitching speed and loW insertion 
loss. 
An optical sWitch in accordance With an embodiment of 

the present invention comprises an input port and ?rst and 
second output ports. An optical sWitching subassembly is 
arranged betWeen the input port and the output ports. The 
input port and the ?rst and second output ports are arranged 
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2 
in a T-shaped con?guration With the input port and the 
second output port substantially aligned With each other 
forming an optical path. The ?rst output port is arranged 
perpendicular to the optical path. The optical sWitch further 
comprises a shell enclosing the input and output ports and 
the optical sWitching subassembly. 
The optical sWitching subassembly includes a ?rst optical 

transmitting medium and a second optical transmitting 
medium respectively having ?rst and second surfaces spaced 
from and opposing each other. A sWitching means is mov 
ably retained betWeen the ?rst and second surfaces of the 
transmitting media. The sWitching means comprises tWo 
optical transmitting liquid sections betWeen the surfaces and 
an air section betWeen the liquid sections. A pieZoelectric 
(PZT) element is in physical engagement With one of the 
liquid sections and can be electrically biased to move the 
sWitching means betWeen ?rst and second positions. 
The ?rst and second optical transmitting media have the 

same ?rst refractive index N1. The ?rst and second trans 
mitting liquid sections have the same refractive index N2 
Which is approximately equal to N1. 
When the sWitching means is at the ?rst position, the air 

section is coincident With the optical path betWeen the input 
port and the second output port. Thus, light from the input 
port Will be fully re?ected by the ?rst surface of the ?rst 
optical transmitting medium and re-directed to the ?rst 
output port. When the sWitching means is at the second 
position, the air section is moved out of the optical path and 
one of the liquid sections is moved to the optical path 
betWeen the input port and the second output port. Since the 
second refractive index N2 is approximately equal to the ?rst 
refractive index N1, light from the input port is transmitted 
directly through the ?rst transmitting medium, the liquid 
section and the second transmitting medium, and exits the 
optical sWitch via the second output port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional schematic vieW of an optical 
sWitch in accordance With the present invention; 

FIG. 2 is a cross-sectional schematic vieW of the optical 
sWitch of FIG. 1 shoWing a light signal transmitted from an 
input port to a ?rst output port; 

FIG. 3 is a cross-sectional schematic vieW similar to FIG. 
2 but shoWing a light signal transmitted from the input port 
to a second output port; 

FIG. 4 is a diagram shoWing an optical sWitch assembly/ 
system containing more than one optical sWitch and de?ning 
more than tWo output ports/paths thereof; and 

FIG. 5 is a schematic vieW of a conventional optical 
sWitch. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, an optical sWitch 100 in accordance 
With the present invention comprises a shell 40 enclosing an 
optical sWitching subassembly (not labeled). The shell 40 
has an input port 10 and ?rst and second output ports 50, 60 
arranged in a T-shaped con?guration Wherein the input port 
10 and the second output port 60 are substantially aligned 
With each other along an optical path. The sWitching sub 
assembly is arranged at a center (an intersection) of the 
T-shape betWeen the input port 10 and the output ports 50, 
60. The ?rst output port 50 is arranged perpendicular to the 
optical path betWeen the input port 10 and the second output 
port 60. The input port 10, and the ?rst and second output 
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ports 50, 60 each comprise an input/output ?ber 11 (12, 13) 
and a collimating lens 14 (15, 16). 

The optical switching subassembly includes a ?rst optical 
transmitting medium 21 having a triangular cross section 
and a ?rst surface, a second optical transmitting medium 22 
having a second surface spaced from and opposing the ?rst 
surface, and a sWitching means 30 sandWiched betWeen the 
?rst and second surfaces of the transmitting mediums 21, 22. 
The sWitching means 30 comprises an enclosure 33 having 
a ?rst portion 34 outside the shell 40 and a second portion 
35 arranged in the space betWeen the ?rst and second 
transmitting media 21, 22 and in communication With the 
?rst portion 34. The sWitching means 30 comprises ?rst and 
second transmitting liquid sections 231, 232 Which are 
properly enclosed so that the optical characteristics of the 
liquid are not affected. The liquid sections 231, 232 are 
movably retained in the second portion 35 of the enclosure 
33 betWeen the ?rst and second transmitting media 21, 22. 
The liquid sections 231, 232 are spaced from each other to 
de?ne an air section 233 therebetWeen. A pieZoelectric 
(PZT) element 31 is contained in the ?rst portion 34 of the 
enclosure 33 and is in physical engagement With the second 
liquid section 232 therein. The PZT element 31 is electri 
cally connected to a poWer source 32 Whereby the PZT 
element 31 can be selectively biased by the poWer source 32 
and thus changes betWeen a non-biased, ?rst condition and 
a biased, second condition. The change of the PZT element 
31 betWeen the ?rst and second conditions moves the liquid 
sections 231, 232 and the air section 233 betWeen ?rst and 
second positions With respect to the transmitting media 21, 
22. 

The ?rst and second transmitting mediums 21, 22 have the 
same refractive index N1. The ?rst and second transmitting 
liquid sections 231, 232 also share the same refractive index 
N2. N2 is approximately equal to N1 and preferably satis?es 
the folloWing inequality relationship: N1 sin 45>N2. It is 
more preferable if the inequalities: N2>N1 and |(N1—N2)/ 
N1|>0.05 are also satis?ed. The air section 233 has a 
refractive index N3 Which meets the requirements: N3<N1, 
N3<N2, and 6>arcsin (N3/N1), Where 6 is the incident angle 
of light from the ?rst transmitting medium 21 to the air 
section 233. The second portion 35 of the enclosure 33 has 
a refractive index approximately equal to N1 of the ?rst and 
second transmitting mediums 21, 22, thereby having little or 
even no in?uence on the performance of the optical sWitch. 

Referring to FIG. 2, in the ?rst condition Where the PZT 
element 31 is not biased, the air section 233 is in the ?rst 
position that is coincident With the optical path from the 
input port 10 to the second output port 60. Light passing 
through the ?rst transmitting medium 21 from the input port 
10 is fully re?ected by the ?rst surface of the ?rst transmit 
ting medium 21 and is redirected to the ?rst output port 50. 

Referring to FIG. 3, in the second condition Where the 
PZT element 31 is biased, the second transmitting liquid 
section 232 and the air section 233 are moved to the second 
position Where the second transmitting section 232 is located 
on the optical path While the air section 233 is not. In other 
Words, the second transmitting liquid section 232 replaces 
the air section 233 in the optical path from the input port 10 
toWard the second output port 60. Under this condition, light 
from the input port 10 is transmitted directly through the ?rst 
transmitting medium 21, the second transmitting liquid 
section 232 and the second transmitting medium 22, and 
exits the optical sWitch via the second output port 60. 

The PZT element 31 can also be designed to change in a 
reversed direction When it is biased. In this situation, the air 
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4 
section 233 is replaced by the ?rst transmitting liquid section 
231 in the optical path from the input port 10 to the second 
output port 60. Since the ?rst transmitting liquid section 231 
also has the refractive index N2, the same effect as described 
above With the respect to the second transmitting liquid 
section 232 can be achieved. 

In the embodiment illustrated in FIGS. 1, 2 and 3, the PZT 
element 31 is generally located outside the shell 40 of the 
optical sWitch. HoWever, the PZT element 31 can also be 
designed to be completely received Within the shell 40. 
Furthermore, the sWitching means can also be embodied in 
other arrangements and still accord With the present inven 
tion. 

FIG. 4 shoWs an optical sWitch assembly/system having a 
plurality of optical sWitches and de?ning more than tWo 
output ports. 

It is to be understood, hoWever, that even though numer 
ous characteristics and advantages of the present invention 
have been set forth in the foregoing description, together 
With details of the structure and function of the invention, 
the disclosure is illustrative only, and changes may be made 
in detail, especially in matters of shape, siZe, and arrange 
ment of parts Within the principles of the invention to the full 
extent indicated by the broad general meaning of the terms 
in Which the appended claims are expressed. 
What is claimed is: 
1. An optical sWitch comprising: 
an input port and ?rst and second output ports, the ports 

being arranged in a T-shaped con?guration With the 
second output port substantially aligned With the input 
port along an optical path, the ?rst output port being 
arranged in a direction substantially perpendicular to 
the optical path; 

an optical sWitching subassembly arranged betWeen the 
input port and the output ports comprising a ?rst optical 
transmitting medium adjacent the input port and a 
second optical transmitting medium adjacent the sec 
ond output port, the ?rst optical transmitting medium 
having a ?rst surface and the second optical transmit 
ting medium having a second surface opposing the ?rst 
surface, a sWitching means sandWiched betWeen the 
?rst and second surfaces of the optical transmitting 
mediums; and 

the sWitching means comprising ?rst and second optical 
transmitting liquid sections movably retained betWeen 
the ?rst and second surfaces, the ?rst and second 
optical transmitting liquid sections being spaced from 
each other to form an air section therebetWeen, Wherein 
the sWitching means has a ?rst condition Where the air 
section and the optical transmitting liquid sections are 
in a ?rst position and a second condition Where the air 
section and the optical transmitting liquid sections are 
in a second position; 

Wherein, in the ?rst position, the air section is on the 
optical path Whereby an input light from the input port 
is fully re?ected by the ?rst surface of the ?rst optical 
transmitting medium and is redirected to the ?rst output 
port and Wherein, in the second position, one of the 
optical transmitting liquid sections is located on the 
optical path Whereby an input light from the input port 
is alloWed to travel along the optical path toWard the 
second output port. 

2. The optical sWitch as claimed in claim 1 further 
comprising a shell enclosing the input port, the ?rst and 
second output ports, and the optical sWitching subassembly 
therein, and additionally comprising a pieZoelectric element 
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in physical engagement With one of the optical transmitting 
liquid sections, the piezoelectric element being adapted to be 
biased by an external poWer source for changing the sWitch 
ing means betWeen the ?rst and second conditions. 

3. An optical sWitch comprising: 
an input port; 
?rst and second output ports; 
?rst and second optical transmitting mediums having a 

?rst refractive index N1, being disposed betWeen the 
input port and the second output port and; and 

an optical sWitching means sandWiched betWeen the ?rst 
and second optical transmitting mediums; 

Wherein the optical sWitching means comprises ?rst and 
second optical transmitting liquid sections and an air 
section movably retained in the optical sWitching 
means, the ?rst and second optical transmitting liquid 
sections being spaced from each other With the air 
section therebetWeen, Wherein the air section has a third 
refractive index N3, the ?rst optical transmitting 
medium has a ?rst surface, an input light from the input 
port forming an incident angle 6 With respect to the ?rst 
surface, the incident angle being such that 6> arcsin 
(N3/N1), Wherein the optical sWitching means has a ?rst 
position and a second position, Wherein, in the ?rst 
position, the air section is on the optical path Whereby 
an input light from the input port is redirected to the 
?rst output port, and in the second position, one of the 
optical transmitting liquid sections is located on the 
optical path Whereby an input light from the input port 
is alloWed to travel along the optical path toWard the 
second output port. 

4. The optical sWitch as claimed in claim 3, Wherein the 
?rst output port is perpendicular to a linear light path 
betWeen the input port and the second output port. 

5. The optical sWitch as claimed in claim 3, Wherein the 
third refractive index N3 of the air section is smaller than the 
?rst refractive index N1 of the ?rst and second optical 
transmitting mediums, N3<N1. 

6. The optical sWitch as claimed in claim 5, Wherein the 
?rst and second transmitting liquid sections have a second 
refractive index N2 approximately equal to the ?rst refrac 
tive index N1 of the ?rst and second optical transmitting 
mediums. 

7. The optical sWitch as claimed in claim 6, Wherein the 
second and ?rst refractive indexes N2 and N1 satisfy the 
conditions: N2<N1 and |(N1—N2)/N1|<0.05. 

8. An optical sWitch comprising: 
an input port; 
?rst and second output ports; and 
an optical sWitching means sandWiched betWeen the input 

port and the output ports; 
Wherein the optical sWitching means comprises ?rst and 

second optical transmitting liquid sections and an air 
section movably retained in the optical sWitching 
means, the ?rst and second optical transmitting liquid 
sections being spaced from each other With the air 
section therebetWeen, and the sWitching means further 
comprises a pieZoelectric element coupled to one of the 
transmitting liquid sections, Wherein the optical sWitch 
ing means has a ?rst position and a second position, 
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Wherein, in the ?rst position, the air section is on the 
optical path Whereby an input light from the input port 
is redirected to the ?rst output port, and in the second 
position, one of the optical transmitting liquid sections 
is located on the optical path Whereby an input light 
from the input port is alloWed to travel along the optical 
path toWard the second output port. 

9. The optical sWitch as claimed in claim 8, Wherein the 
pieZoelectric element is adapted to be biased electrically to 
change a dimension thereof for moving the sWitching means 
to the second position Where one of the optical transmitting 
liquid sections is located on the optical path betWeen the 
input port and the second output port. 

10. The optical sWitch as claimed in claim 8 further 
comprises a shell enclosing the input port, the ?rst and 
second output ports, the ?rst and second optical transmitting 
mediums, and the optical sWitching means therein. 

11. An optical sWitch assembly comprising at least one 
sWitch, each of said sWitches de?ning an input port and ?rst 
and second output ports, a ?rst path being de?ned betWeen 
said input port and the ?rst output port and resulting from at 
least one re?ection, a second path being de?ned betWeen the 
input port and said second output port and resulting from a 
straight penetration, and an optical sWitching device posi 
tioned around an intersection area of said ?rst path and said 
second path to determine Which path light coming from the 
input port Will leave the sWitch, Wherein the optical sWitch 
ing device comprises a ?rst and a second optical transmitting 
liquid section movably retained therein, and the ?rst and 
second optical transmitting liquid sections are spaced from 
each other to form an air section therebetWeen; Wherein each 
of said sWitches has a T-shaped con?guration With the 
second output port is substantially aligned With the input 
port along an optical path, and the ?rst output port is 
arranged in a direction substantially perpendicular to the 
optical path. 

12. The assembly as claimed in claim 11, Wherein an 
optical transmission medium is disposed behind and around 
the input port While before the sWitching device, and 
Wherein the light from the input port passes said optical 
transmission medium regardless of Whether it leaves the 
sWitch through the ?rst path or the second path. 

13. The assembly as claimed in claim 12, Wherein another 
optical transmission medium is disposed around and in front 
of the second output port, and Wherein the second path 
penetrates said another transmission medium While the ?rst 
path not. 

14. The assembly as claimed in claim 12, Wherein said 
sWitch device includes a moveable transmission liquid sec 
tion having a similar refractive index With the transmission 
medium. 

15. The assembly as claimed in claim 11, Wherein said 
sWitch device is moveable along a line angular to said 
second path for not only blocking the second path but also 
re?ecting the light toWard the ?rst path. 

16. The assembly as claimed in claim 11, Wherein more 
than one optical sWitches are linked With one another, and 
Wherein more than tWo output ports are formed and the light 
leaving from output ports of some of said sWitches enter the 
input ports of others, respectively. 


